We have investigated the gate bias stress-induced instability on the electrical properties with different pre-treatments for sol-gel derived amorphous indium gallium zinc oxide thin film transistors (a-IGZO TFTs). The device with illuminating and heating pretreatments under the positive/negative gate bias stress in vacuum had the smallest threshold voltage shift as the stress duration increased, while the device with oxygen gas pre-treatment exhibited an obvious variation. These electrical instabilities were ascribed to the charge trapping in the gate insulator and the oxygen/water adsorption on the active layer. It indicates that the specific pre-treatment for the a-IGZO film can improve the device stability. It also provides the important information for the subsequent passivation process concerning the pre-treatment of the active layer.
Introduction
Recently, zinc oxide (ZnO)-based materials, such as ZnO, indium zinc oxide (IZO), and indium gallium zinc oxide (IGZO), have been investigated as active channel layers in thin film transistors (TFTs) for active matrix organic light-emitting diodes (AMOLED) and active matrix liquid crystal displays (AMLCD), due to potential high transparency and large area deposition applications (1) (2) (3) (4) (5) . Compared to conventional amorphous silicon (aSi) TFTs, a-IGZO TFTs have similar device performance. Furthermore, they have the advantage of low manufacturing cost and a compatible process flow with conventional aSi TFTs (6, 7) . Nowadays, amorphous oxide TFTs are mainly produced by vacuum systems such as radio frequency magnetron sputtering and pulsed laser deposition (1, 4, 7, 8) . Their high carrier mobility, low processing temperature and high transparency are advantageous for numerous applications (9) . They have also attracted interest as a backplane candidate in large-area applications on account of their highly uniform deposition (10) . Therefore, simple solution processing with high throughput and low cost is desirable for TFT fabrication. Several research groups have demonstrated the sol-gel derived TFTs using ZnO, IZO, and IGZO as active channel layers (11, 12) . Their results further displayed that the device performance of the sol-gel derived amorphous oxide TFTs is comparable to that of the vacuum-processed oxide TFTs, and demonstrate lowcost potential in mass manufacturing. Among the currently available oxide semiconductors, IGZO generally allows higher field effect mobility and better stability to be obtained (13) .
Motivation
The device stability is an important issue in real circuit application. It was reported that the stability of a-IGZO TFTs suffered from several factors, such as the oxygen/water adsorption, temperature, illumination, and applied bias (14) (15) (16) (17) . We have reported that the electrical degradation under the gate bias stress was mainly contributed by the charge trapping model and the influence of the ambient atmosphere involving the electric fieldinduced oxygen adsorption (18) . In order to obtain the stable electrical characteristics, some pre-treatments were conducted on the active layer and the degradation mechanisms were clearly discussed herein. It would be helpful to provide the information about the pre-treatment for the subsequent passivation process. This paper examines the stability of the gate bias stress on the electrical characteristics of a-IGZO TFTs under some specific pre-treatments.
Experimental Procedure
A coplanar type bottom-gate a-IGZO TFT was fabricated on glass substrate in this study. After MoW (100 nm) gate electrode, silicon-nitride (300 nm) gate dielectric and indium tin oxide source/drain electrode formation, an 80-nm-thick a-IGZO thin film was deposited as active layer by spin-coating at room temperature and atmospheric pressure, and then baked in a furnace at 450 °C for 1 h to improve the film quality. It was subsequently patterned by photolithography and wet etching. The precursor solution for a-IGZO films was synthesized by dissolving 1. O] in 2-methoxyethanol and monoethanolamine solvent and mixing at 60 °C for 1 h. The a-IGZO TFT was obtained at the compositional ratio of In/Ga/Zn=1:1:2 with the saturation mobility of 1.32 cm 2 V -1 s -1 , the threshold voltage of 3.32 V, the subthreshold swing of 1.37 V/dec in air. The channel width and length of a-IGZO TFTs were 500 and 30 μm, respectively. The device structure is shown in figure 1 .
The DC voltages were applied to the gate electrode of the device for the study of electrical reliability. In order to simulate the a-IGZO TFTs operating under the working mode, the stress condition was set at V G = V T ± 20 V and the stress times was 1000 sec. The source and drain electrodes were grounded during the stress. The applied voltages of the gate, drain, and source electrodes were also illustrated in figure 1. Variations in the electrical characteristics were monitored from the drain current-gate voltage (I DS -V G ). All the current-voltage (I-V) characteristics of sol-gel derived a-IGZO TFTs with different active layer pre-treatments under positive/negative gate bias were measured at room temperatures (25 ℃) for the gate voltages V G ranging from -10 V to 20 V with a fixed drain voltage V D = 10V by using an Agilent B1500 semiconductor parameter analyzer. 
Results and Discussion
In the beginning, the electrical characteristics of a-IGZO TFTs without pre-treatment under the gate bias of V T ± 20 V over a period of 1000 s were shown in figures 2 (a) and 2 (b). Obviously, we observed that the transfer curve of the a-IGZO TFT exhibited a positive shift to 3.23 V under the positive gate bias of V T + 20 V over a period of 1000 sec, which may be ascribed to the charge trapping in the gate dielectric and the electricfield-induced oxygen adsorption. While the electrical curve displayed a tiny negative shift of 0.49 V and a gradually apparent hump phenomenon under the negative gate bias of V T -20 V, due to the appearance of positive charged donor states induced by band bending and multi-channel formation induced by the gas species adsorption (18, 19) . Literature has reported that oxygen and water in the surrounding atmosphere are known to affect the transistor stability (20, 21) . As a result, these adsorbing species must be removed from the amorphous oxide to improve the device stability. Two pre-treatment methods were used to remove the adsorbing species. Vacuum pump and pressure-controllable chamber were employed to achieve the pre-treatment concerning the adsorbing species removal. During this treatment, the oxygen and water physically adsorbing on a-IGZO film would be evacuate to the outside ambient. The transfer characteristics under the positive/negative gate bias showed similar behavior with the device without pre-treatment and a smaller V T shift (the data is not shown here). , 41 (6) 273-281 (2011) Besides, the hump phenomenon disappeared as the device was experienced a vacuum pre-treatment, which may be contributed by the gas species desorption. The extracted threshold voltage values are summarized in Table I and Table Ⅱ. Although the above pre-treatment method could remove the physically adsorbing gas species from surface, the chemically adsorbing gas species still stayed on the a-IGZO film. Hence, further pre-treatment must be complemented to remove the chemically adsorbing gas species, where the light and heat were used. According to the physical properties of the water, the removal of adsorbing water from the existence type of H 2 O (s) to H 2 O (g) can be done by heating. In addition, the oxygen adsorbing on oxide films stayed in the form of O 2 -(s) , a strong bond with a-IGZO film because of the charge transfer. For the sake of the removal of the strong oxygen ionic bonding, neutralization of the ionic oxygen molecules is required. Here, we addressed a method to remove the remaining gas species adsorbing chemically, that the vacuum pump cannot evacuate. In this manner, the light, heat, and vacuum pump were employed simultaneously. In ZnO-based materials, the free electrons in the a-IGZO film tend to be trapped by physically adsorbed acceptors, which results in the chemisorbed oxygen in the a-IGZO film, as seen in figure 3 (a) . Under the light illumination, figure 3 (b) shows the holes originated from the electron-hole pairs are ECS Transactions, 41 (6) 273-281 (2011) strongly drawn to the chemisorbed oxygen, causing a recombination of the hole and the negative charged oxygen. Hence, the oxygen adsorbing mode converted from the chemisorbed (O 2 -) to the physically adsorbed mode (O 2 ) shown in figure 3 (c) . At this time, the adsorbing force was mainly the van der waal force and the oxygen adsorbed physically. The physically adsorbed oxygen would leave the a-IGZO film by obtaining the additional thermal energy, as shown in figure 3 (d) to overcome the van der waal force, which could drive out the water existing in a-IGZO film. Furthermore, the vacuum pump system must evacuate the adsorbing gas species immediately to prevent the readsorption. Hence, the adsorbing oxygen on a-IGZO film can be removed more clearly by the illuminating and heating treatment in an evacuating condition than only the vacuum pump was utilized.
ECS Transactions
Figures 4 (a) and 4 (b) show the I DS -V G transfer characteristics curves of a-IGZO TFTs with the illuminating and heating pre-treatments under the gate bias stress of 1000 sec in a vacuum environment. The device characteristics exhibited an improvement in figure 4 (a) , where the positive gate bias-induced positive shift of threshold voltage reduced to 1.29 V. Figure 4 (b) shows the good stability and hump-free characteristics of a-IGZO TFT. Accordingly, the illuminating and heating pre-treatments for removal the adsorbing gas species of the a-IGZO TFTs are helpful to improve the device bias stability. In order to confirm whether the formation of hump is affected by the water or oxygen adsorption, the device with thermal pre-treatment at 125 ℃ for removal the adsorbing water molecules was experienced a negative gate bias, and the experimental results were shown in Figure 5 (a) . Clearly, a smaller hump in comparison with the hump appearing in the device without pre-treatment was observed at the stressing time of 1000 sec. Figure 5 (b) shows the energy-band diagram with water adsorbing on the a-IGZO film as the negative gate bias was conducted. As the negative gate bias was applied on the gate electrode, the energy-band of the a-IGZO near the gate electrode bent upward. And the absorbing water would lead to the energy-band bending downward due to the electron donation-induced Fermi-level raising. Then, the electrons in the a-IGZO film would accumulate at the back-channel of the a-IGZO TFTs generating a new channel, which would promote the formation of the hump. Accordingly, the water adsorbing on the a-IGZO film may result in the formation of new channel and cause the hump phenomenon as the stressing time was prolonged, due to the large amount of electrons accumulating at the back-channel. Furthermore, the influence of the oxygen adsorption was examined by the same experiments, where the device was experienced the illuminating and heating pretreatments to exclude the water effect and then the gate bias stresses were employed in the oxygen-rich environment. The experimental results are shown in figures 6 (a) and 6 (b). After positive gate bias stress, the transfer curve shift exhibited the same trend with previous results and the value of the threshold voltage shift was 4.16 V larger than the device without pre-treatment, which was mainly ascribed to the electric-field-induced oxygen adsorption on the a-IGZO surface. On the other hand, the threshold voltage shifted to the negative side to 1.00 V and there was no hump phenomenon appearing in the transfer curve. Therefore, the oxygen molecules influenced the threshold voltage value obviously while have no impact on the occurrence of hump phenomenon. Based on the above discussion, we can conclude that the hump phenomenon is ascribed to the additional channel at the surface induced by the water adsorption. According to the aforementioned experimental results, the threshold voltage evolution under the positive/negative gate bias stress can be sketched in figure 7 . Regardless of the positive or the negative gate bias stress, the a-IGZO TFTs with oxygen gas pre-treatment had the largest shifting value mainly due to the oxygen adsorption. On the contrary, the device with the illuminating and heating pre-treatments owned the smallest value of threshold voltage shift because of the higher oxygen/water removal efficiency. 
Conclusion
In summary, the existence of oxygen/water in the surrounding environment affects the threshold voltage of sol-gel derived a-IGZO TFTs obviously. The a-IGZO TFT with the illuminating and heating pre-treatments under the positive/negative gate bias in vacuum ambient had the smallest threshold voltage shift as the stress duration increased. And the a-IGZO TFT with an oxygen gas pre-treatment exhibited an obvious variation due to the oxygen adsorption. Besides, the water adsorption on the a-IGZO surface, resulting in the energy band bending downward and further inducing the formation of new channel, caused a hump phenomenon under the negative gate bias. These electrical instabilities were contributed by the charge trapping of the gate insulator and the oxygen/water adsorption on the active layer of a-IGZO TFTs. The result also implies that the illuminating and heating pre-treatments for the a-IGZO film can improve the device stability by removal of water and oxygen adsorption. Furthermore, these results can be as important information for the subsequent passivation process concerning the pretreatment of the active layer. 
